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SLOPE STABILITY ANALYSIS



Dames & Moore 250 East Broadway, Suite 200

Salt Lake City, Utah 84111

% (801) 521-9255
S TWX: 910-925-5692 Cable address: DAMEMORE

December 29, 1980

Mr. Wendell Owen

CO=CP Mining Company
Box 300

Huntington, Utah 84528

Dear Mr. Owen:

Report

Geotechnical Consultation
Bear Creek Portal

Near Huntington, Utah

For CO-0OP Mining Company

INTRODUCTION

The purpose of this report is to discuss the stability of
side-cast fill material placed during construction of the access
road to the CO-OP Mining Company Bear Creek Portal. The scope of
our consultation was formulated in discussions with Mr. Owen and
consisted of a brief field reconnaissance, collection of a sample
of the f£ill material, limited laboratory testing and preparation

of this report.

The Bear Creek Portal is located in the SW 1/4, sSw 1/4, S. 24,
T. 16S., R. 7E., Emery County. Several abandoned facilities from
a previous mining effort exist near the Portal. We understand that
the CO-OP Mining Company is in the process of re-opening the old
mine and that the existing old Portal will be used for ventilation
of the new mine. The mine is located in a steep slope in the
Wasatch Plateau; access to the Portal is by a tvpical unsurfaced
access road constructed by conventional side-cast methods.
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We understand that a viclation of the federal regulations
{(Section 717.14 in the Federal Register, Vol.42, No.239, P.62695,
issued December 13, 1977) was issued by the State Division of 0il
Gas and Mining to CO-0P Mining Company. Part (c) of this section
states that surface operations on steep slopes (20 degrees or more)
"shall be conducted so as not to place any material on the down
slope below rcad cuts, mine workings or other benches, other than
in conformance with part (a) (1)" of Section 717.14. Part ({(a) (1)
states that fills shall achieve a minimum static safety factor of
1.5,

The slope where the Bear Creek Portal is located is steeper
than 20 degrees and the only feasible way to construct the access
road is by conventional side-~cast methods. Therefore, the static
factor of safety of the side-cast material is the key issue.

DISCUSSION

The material being excavated and forming the side-cast fill
is gravel and ccbble sized pieces of silty sandstone in a sandy
and silty clay matrix. Calcium carbonate derived from the cement
in the sandstone is also present. The results of a partial grain

size analysis are tabulated below:

SIEVE PERCENT
NUMBER FINER BY WEIGHT
#4 72.2
#40 64.0

#200 37.2
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The results of an Atterberg Limit determination performed on

the material finer than the number 200 sieve are tabulated below:

LIQUID PLASTIC PLASTICITY UNIFIED SOIL
LIMIT(%) LIMIT (%) INDEX CLASSIFICATION

30.5 15.6 14.9 CL

During our reconnaissance, we examined the access road leading
to the Trail Canyon Portal in Section 22. This road is in virtually
indentical conditions to the road leading to the Bear Creek Portal,
Some of the side-cast fill near the Trail Canyon Portal is 25 years
0ld; the youngest of it is about 10 years old. The side-cast fill
material near the Trail Canyon Portal is nearly everywhere sloping

at 35 degrees (approximately 1-1/2 horizontal to 1 vertical).

The side-cast material appears to be performing in a satis-
factory manner. In many places, the side-cast material appears to
be very similar to -natural slopes between nearly vertical exposures
of resistant sandstcne. Very minor gullies and slumps are present

locally. Vegetation is becoming established on some of the slopes.

The surface of the side-cast material is guite firm and dif-
ficult to walk on because boot heels don't penetrate, We believe
that the reason the surface is so firm is related to the clay and
the calcium carbcnate in the soil. The clay gives the scil cohe-
sive strength and the calcium carbonate tends to cement the soil
particles together.

The calcium carbonate cement in the soil is probably a sig-
nificant constituent in the safety factor of side-cast fill ma-
terial which has remained stable for 25 yvears in a situation iden-

tical to the access road leading to the Bear Creek Portal,
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CONCLUSION

Based on observations made during our reconnaissance and the
discussions presented above, it is our opinion that the side-cast
material located adjacent to the access road leading to the Bear
Creek Portal will behave in a manner similar to the side-cast ma-
terial located adjacent to the access road leading to the Trail
Canycn Portal. Since the material near the Trail Canvon Portal
has been grossly stable for 10 to 25 years as determined by its
performance, we believe that the material placed during construc-
tion ¢f the Bear Creek Portal access rcad will also be grossly
stable.

Consequently, we believe that the stability concern identified
in the regulations can best be addressed by the empirical evidence
of the performance of similar material in a similar situation

rather than a calculated factor of safety.

We trust that this report satisfies yvour present needs. If
you have any dguestions or require additional discussions or infor-
mation, please contact us.

Very truly vyours,
DAMES & MOCRE

William ﬁi Gordon

Associate

Professional Engineer No. 3457
State cf Utah

Jeffraey R. Reaton
Engineering Geolcgist

WJIG/3rk/kc
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February 20, 1981

Mr., Wendell Owen

Co=-op Mining Company
Box 300

Huntington, Utah 84528

Dear Mr. Owen:

Summary Report

Slope Stability Analyses
Bear Creek Portal
Access Road

Near Huntington, Utah
For Co-op Mining Company

INTRODUCTION

This report summarizes the results of our stability analyses
of the slopes along the Bear Creek Portal Access Road located
northwest of Huntington, Utah.

PURPOSE AND SCOPE

The purpose and scope of this study were planned in
discussions between Mr. Wendell Owen of Co-op Mining and
Mr. Bill Gordon of Dames & Moore. In general, the purpose of
this investigation was to analyze the static factor of safety
of the side-cast cut and £ill slopes along the Bear Creek Portal

Access Road.
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BACKGROUND

The Co=-op Mining Company is in the process of reopening an
abandoned coal mine at the Bear Creek Portal. Several abandoned
facilities from a previous mining effort exist near the portal.
We understand that the existing old portal will be used for
ventilation of the new mine. The mine is located on a steep
slope in the Wasatch Plateau and access to the portal is by a
typical unsurfaced access road constructed by conventional side-

cast methods.

Co-op Mining Company was issued a citation by the Department
of Natural Resources Division of 0il, Gas, and Mining, The nature
of the vioclation was with regard to the placement of side-cast
cut and fill material on steep slopes (20 degrees or more).
Regulations require that such fills achieve a minimum static

factor of safety of 1.5.

An engineering geologist from Dames & Moore previously visited
the site and performed a reconnaissance survey of the area and
sideslopes in gquestion. Laboratory tests have been performed on
samples of the side-cast cut and fill material obtained at the
site. These laboratory tests included sieve analyses and
Atterberg Limits. The results of these laboratory tests, a
discussion of our site reconnaissance survey, and a summary of

our conclusions were presented in a report dated December 29, 1980%*.

*"Report, Geotechnical Consultation, Bear Creek Portal, Near
Huntington, Utah, For Co-op Mining Company."
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SITE CONDITIONS

The general location ¢f the Bear Creek Portal Access Road
is shown on Plate 1, Plot Plan. Side-cast cut and £fill areas
as determined by others are also indicated on Plate 1. The
slcpes in the area of the Bear Creek Portal are generally steeper
than 20 degrees and the access road has been constructed by con-
venticnal side-cast methods. The material being excavated and
forming this side-cast cut and fill typically consists of fine
and ccarse gravel and cobble sized pieces c¢f silty sandstone in
a sandy and silty clay matrix. Calcium carbonate derived from
the cement in the sandstone is also present.

The surface of the side-cast material is gquite firm, which
we believe to be related to the composition of clay and calcium
carbonate in the scil. The clay acts as a binder and gives the
solil cohesive strength and the calcium carbonate tends to cement
the soil particles together. As discussed in our previous letter,
the calcium carbonate cement in the soil probably provides a
significant component of the factor of safety of the side-cast
£fill material. However, the determination of a numerical wvalue
for the influence of the calcium carbonate cementation would be

very difficult to accurately determine.

SOIL PROPERTIES

Based on the results of laboratory tests performed on samples
of the side-cast cut and fill material from the Bear Creek Portal
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site and our experience with similar soils, we have assumed the

following soil properties:

Side-Cast Fill Material

Angle of Internal Friction ¢ = 26°
Cohesion , C = 350 pst
Unit weight soil ¢ = 98 pcf

Natural Soils

Angle of Internal Friction ¢ = 26°
Cohesicn C = 700 psf
Unit weight soil | § = 120 pcf

SLOPE STABILITY ANALYSIS

To aid in evaluating the stability of the side-cast cut and
fill material of the Bear Creek Portal Access Rcad, a computer
sleope stability analysis was performed. The computer analysis
utilized a simplified Bishop's Method in computing the long-term
static factor of safety of the slopes. Due to the limited
laboratory and field data, and the uncontrolled method in which
side-cast cut and fill materials are placed, ultra conservative
soil strength parameters were used in the computer analysis. A
Gecmetric cress-section of a critical section utilized in the
analysis is shown on Plate 2, Slope Cross Section. It was also
assumed that a phreatic water surface would not develop in the

slopes of the embankment.

The computer program analyzed the slope stability by searching

a specified coordinate grid area for the center of the circle
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having the lowest factor of safety. The slope stability analyses
was performed using a total of four separate coordinate grid areas.
The number of trial failure arc centers analyzed in each of these
four areas varied from 12 to 63. As indicated on Plate 2, this
analysis indicated a minimum static factor of safety varying from
1.43 to 2.15.

Copies of the results of the computer analysis for each
coordinate grid area are included with this report.

DISCUSSIONS AND RECOMMENDATIONS

GENERAL

Supporting data upon which our recommendations are based have
been presented in the previous secticons of this report and in the
previous Dames & Moore report dated December 29, 1980.

SLOPE STABILITY

The computer slope stability analysis indicates a minimum
static factor of safety varying from 1.43 to 2.15 for the trial

arcs analyzed.

It should be noted that the factor of safety of the trial
arc which cuts deep into the slope does not consider the presence
of bedrock, increasing strength of the natural soils with depth,
or the effect of the calcium carbonate cementation in the soil. If
the above were incorporated into the analysis, the factor of
safety would be significantly higher.
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Stability of the slopes will be influenced by the degree
of saturation of the existing soils. Therefore, surface drainage
must be channeled to minimize runoff over the slopes. However,
during wet periods of the year, small localized slides and sloughs
should be anticipated along the slopes. However, these occurrences
should be minor. The performance of these side~cast cut and fill
slopes is anticipated to be similar to virtually identical side-
cast cut and fill slopes along the nearby road leading tc the
Trail Canyon Portal. These slopes have been stable since their

censtruction, varying from 10 to 25 years ago.

Based on our slope stability analysis and observations made
during our reconnaissance visit to the site, it is our opinion
that the side-cast fill material located along the Bear Creek
Portal Access Road generally has a long-term static factor of
safety of 1.5 or greater and will perform in a satisfactory

manner.

alo
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We appreciate the opportunigy of performing this service
for you. If you have any gquestions or require additional informa-
tion, please contact us.

Very truly yours,

DAMES & MOORE

Wllllam'ﬂ.

Associate

Professional Engineer No. 3457
State of Utah

Douglas G. Beck
Staff Engineer

WJIG/DGB/wh
Attachments"
Plate 1 - Plot Plan

Plate 2 - Slope Cross-Section
Computer Anlaysis Results

cc: Department of Natural Resources
Division of 0il, Gas and Mining (2)
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STABILITY ANALYSIS

HIGHWALL STABILITY

Highwalls at the site face south, southeast, and east. The

highwalls are nearly vertical, with an average slope of IV:2H, or

80.

The nighwall stability analysis is based on a rcotational shear
analysis using the Hoek method. Compressive strengths of materials
in the Blackhawk Formation are highly variable, ranging from 290
psi for soft shale to more than 20,000 psi for certain sandstones,
An average value of 5,000 psi has been used for this analysis, This
is a very conservative figure, based on the relative proportions

of sandstones and shales in the exposed highwalls.

There are 2 joint sets typically found 1in this area. the
major set has a strike of about N 10 deg E and dips 80 ceg to
vertical. The minor set has a strike of approximateiy N 70 deg w
and alsc dips greater than 80 deg. The bedding in the highwall

area is nearly fiat.



Cohesion can be calculated from ccmpressive strength by the

following feormula:

- Lo g,.
C;, = htan (&5-2).
where: C;, = Intact rock shear strength or cohesion
Co = Intact rock compressive strength

8 Internal friction angle.

Using a typical internal friction angle of 45 deg for Wasatch
Pfateau rock types, and a 5,000 psi compressive strength, a
cohesion c¢r intact rock strength of approximately 1,000 psi is
found. Since the 1,000 psi1 value 1is for intact c¢r solid rock, the
value must be adjusted to compensate for jointing and fracturing
common tc all rock masses. A method of relating fracture intensity
and cohesion was developed by Stimpsan and Ross-Brown and can be
found in the article entitled, "Estimating the Cchesive Strength
cf Randomly Jointed Rock Masses”, Mining Engineering, ¥Yol. 31, No.
2, pp. 1B2-188. Based on this method and using a conservative
figure of 4 joints per meter, a .065 factor 1is determined for
calculating rock mass cohesion (C_.). Based on a C;, of 1,000 ps1,

:C. becocmes 65 psi.

A typical or average rock mass bulk density of 155 1bs./ft?
‘was selected for the analysis, and a slightly conservative, but
commonly used value of 31 deg was selected for the rock mass

sliding friction angle.



The “ollowing parameters were used with the Hoek siope chart
{Hoek, E£., and J.W. B8ray, 1981, Rock Slope Engineering, Revised

Third Edition, IMM, London;:

H = Maximum Slope Height - 100 ft

8 = Slope Angle (average) - 80 deg

C, = Rock Mass Cohesion - 65 psi

@ = Rock Mass Friction Angle - 31 deg

Y = Rock Mass Bulk Censity - 155 lbs./ft?

Plotting the above parameters on the Circular Faiiure Charts
Nes. 1 and 5§ (Figure 23F-1 and 3F-2), 1t can be seen that the
projected highwalls will have a safety factor or 2.6t under dry
conditions and 2.40 under saturated conditions. It should be noted

that the safety factors exceed the required 1.5 safety factor,

EMBANKMENT STABILITY

Embankment or backfill will be placed in 1ifts not to exceed 36 in.
.and will be compacted tc 90 pct of the laboratory obtained T-389
Standard Proctor. Slopes will not exceed IV:1.5H or 33.7 deg.
Soil properties are based on those used in the "Slope Stability
analyses for the Bear Creek Portal and Access Road’', by Dames and
Moore, February 20, 1981, and the "Geotechnical Consultation, Bear
Creek Portal", by Dames and Moore, December 2%, 1980, and the "Bear

Canyon Mine Site, Sedimentation Pond "A" Stability Analysis”, by



Horrocks and Corcello Engineers on July 12,1984,

Based on the proposed plan, and the results of samples taken

during the above studies, the following parameters were established

for the safety factor calculations:

a Hi =
b 8 =
c Cy =
d g =

Embankment Height = 30 ft; this represents the maximum

height of compacted embankment proposed 1in the plan;

Slope Angle = 33.7 deg; this is the maximum slope

(IV:1.5H) proposed for the reclaimed embankments.

Soil1 Cohesicn @ 90 pct Compaction = 4.375 psi; Actual
Cohesicn tests on compacted native material at this site
showed a cohesion value of 700 psf at a density of 118
1bs./ft® and a compaction value ranging from 89 pct to
34 pct. (See Sediment Pond "A" Stability Analysis, by
Horrocks & Corelle Engineers, July 12, 1984,) To provide
for maximum safety 1in the calculation, the cohesicn

factor is reduced by the compaction factor.

700 psf X 0.9 = 630 psf = 4.375 psi

Friction Angle = 256 deg; This angle 1is based on the

measurements taken and reperted in the Feb. 20, 1981

Dames & Moore Slope Stability Analysis on the Bear Creek



Portal and Access Road.

e. Y = Rock Mass Bulk Density (90 pct) = 108 1bs./ft%; Once
again, this 1is a conservative number, established by
taking actual values of 118 to 120 1bs./ft® as reported
in the above reference stability analysis, and allowing

for 90 pct compaction - 120 X 0.90 = 108 lbs./ftl.

A rotational shear analiysis was performed using the Hoek
method toc determine stability of the backfilled siopes. The

following parameters were used for the slopes:

I
H

Embankment Height - 30

@D
#l

Slope Angle - 33.7
C, = Soil Cchesion @ 90 pct Compaction - 4.375 psi

Friction Angle -~ 2

(]
I

Rock Mass Bulk Density (90 pct) - 108 Ibs./ft?

-
1

Based on the above criteria, backfilled slopes are found to
'have an expected safety factor of a maximum of 2.21 for dry
conditions to a minimum of 1.68 for saturated conditions. Both
cases exceed the required static safety factor of 1.3. It should
also be noted that the previous slope stability analysis by Dames
& Moore resulted in static safety factors ranging from a minimum

of 1.43 to 2.15 for side-cast cut and fi11 material in this area.



Note: The embankment compaction factors and cohesion values are
based on previous tests performed in the Bear Canyon
area. Although the tests were not site specific, they
were run on the existing scils which are the same as
those to be used in reclamation. The values used for
rock compressive strengths were taken from rock
parameters typical of the Blackhawk Formation in the
Wasatch Plateau, and commonly used and accepted for this

type of calculations.

If it is determined necessary, Co-Op will commit to taking
site specific tests on the scils and highwall rock to further
verify the factors of safety, these tests would be performed prior

to reclamation, at the discretion of the Division.

REMOVAL OR REDUCTION OF HIGHWALLS

Due to the laws requiring removal of highwalls constructed
following 1977, the Division has directed Co-Op to recover all
highwalls. Plates 3-2 show existing highwalls (Plates 2-4) are

recovered during reclamation.



Figure 3F-1

(DRY CONDITIONS)
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. Figure 3F-2

{SATURATED CONDITIONS)

CIRCULAR FAILURE CHART NUMBER 5
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RECLAIMED TANK SEAM PORTAL ACCESS ROAD

SLOPE STABILITY ANALYSIS



2% DAMES & MOORE

127 SOUTH 500 EAST, SUITE 300, SALT LAKE CITY, UTAH 84102-1959
(801) 521-9255 FAX: (BO1) 521-038C

May 10, 1994

CO-OP Mining Company
P.O. Box 1245

Highway 31

Huntington Canyon
Huntington, Utah 84528

Attention: Mr. Charles Reynolds
Mining Engineer
Report
Stability Analysis for Reclaimed
Tank Seam Portal Access Road
Job No. 27437-001-162

INTRODUCTION

Dames & Moore performed stability analyses for construction and reclamation of the Tank Seam Portal
Access Road in 1993. Minor revisions were incorporated into that report, dated September 16, 1993 for
access road construction, and an updated report has been issued. This report incorporates updated
reclamation concepts and replaces the original stability analysis for the reclaimed Tank Seam Portal
Access Road, dated September 22, 1993.

STABILITY ANALYSIS

This report presents stability analyses for the anticipated configuration of the Reclaimed Tank Seam Portal
Access Road. The general location of the proposed access road is presented on Plate 1. It is assumed
that the access road excavation will be reclaimed to approximately the same slope as the topography
adjacent to the access road alignment. Backfill materials will be derived from the fill sections of the road
and from adjacent slopes during the reshaping. Materials to be used during reclamation of the access® °
road will be native soils and no additional materials from offsite borrow sources are anticipated. Boulders
obtained during initial road construction that are not incorporated into reclamation fill and that cannot be -
broken down into smaller fragments will be placed on stable flat areas of the mine site.

A stability analysis of the proposed reclaimed slope was performed utilizing a two dimensional, limit
equilibrium stability program called PCSTABLS. An automatic search routine was employed to
determine the failure surfaces with the lowest factors of safety. Only circular failure surfaces were
evaluated. A natural slope of 35 degrees was modeled considering dry conditions.

The analysis of the cut slope section considered one horizontal to two vertical (1H:2V) cuts. Bedrock
was modeled to be present 6 feet vertically below the ground surface and to trend parallel to the natural
cut. The roadway section cut was backfilled to conform to the natural existing slopes above and below
the access road excavation. The small fill section, which includes the safety berm, was Ieft in place in
the stability analysis model. However, it could be removed during reclamation activities. Removal of
the berm would not decrease the stability of the slope. Plate 2 presents the configuration modeled, the
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input material properties, and the ten failure surfaces with the minimum safety factors. A minimum
factor of safety of 1.8 was determined for the input configuration. The "arrows” on Plate 2 indicate the
failure surface with the lowest safety factor.

The fill material placed in the road cuts should be compacted in lifts not exceeding 18 inches in depth
and compacted by heavy machinery during placement. All rock fragments in excess of 18 inches should
be removed from the initial lifts of the fill. Rock fragments obtained during road construction and
incorporated in the fill should be placed in a manner to minimize void space. During placement of the
fill, boulder sized rock fragments in excess of 18 inches could be incorporated into upper lifts of the fill
provided the majority of the fragments are well embedded in the fill and the material adjacent to these
rock fragments is properly compacted. The surface of the reclaimed ground that is devoid of protruding
rock fragments should be scarified to a minimum depth of 12 inches to reduce surface compaction and
to aid in the re-establishment of vegetation.

All of the existing gullies for slope drainage should be re-established to their natural configuration. Since
the stability of the reclaimed slopes will be influenced by the degree of saturation of the existing soils,
surface drainage must be channeled to prevent or at least minimize runoff over the reclaimed slopes.

Questions have been raised concerning the stability of the scarified surface of the reclaimed slopes,
particularly if topsoil comprises the majority of the scarified material. To evaluate this scenario, a
reclaimed slope of 35 degrees with simulated 18 inch lifts was modelled. The friction angle of the outer
12 inches of the slope was reduced to 30 degrees to mimic scarified conditions. We understand that an
erosion control/revegetation blanket similar to Excelsior §-2 or equivalent will be placed over the
scarified slope surface and stapled into scarified material to minimize erosion potential and to enhance
slope stability. This blanket was also incorporated into the model and a minimal tensile strength utilized.
The modelled configuration, input properties, and the ten failure surfaces with the minimum factors of
safety are presented on Plate 3.

The analysis indicates that the scarified material will achieve minimum factors of safety provided proper
construction techniques are utilized and the erosion control/revegetation blanket is properly placed and
adequately attached to underlying soils. Scarification and placement of the blanket should be coordinated
such that vegetation can begin to develop prior to spring runoff.

Based on our slope stability analysis and observations made during our reconnaissance visit, it is our
opinion that the reclaimed fill slopes, if properly constructed, will perform similar to or better than the
natural existing slopes in the area of the proposed Tank Seam Portal Access Road.

Again, we are pleased to be able to assist you with the expansion of the Bear Creek Mine. If you have
any questions concerning this report, our previous reports, or if we can assist you in any other way please
call at your earliest convenience.
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The following Plates are attached and complete this report:

Plate 1 - Plot Plan
Plate 2 - Reclaimed Slope Cross-Section
Plate 3 - Reclaimed Slope Scarified Section

Sincerely,

DAMES & MOORE, INC.

O A /éz%

C. Charles Payton, C.E.G.
Associate

Russell L. Owens, P.E.
Professional Engineer
State of Utah
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AD-1  INDICATES DRAINAGE AREAS THAT ARE
DIVERTED THROUGH SEDIMENT PONDS OR
ALTERNATE SEDIMENT CONTROL STRUCTURES

AU-T INDICATES DRAINAGE AREAS THAT ARE
DIVERTED BY DITCH AND/OR CULVERT
TO OFF-SITE WITH LIMITED OR NO
SEDIMENT CONTROL
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ADAPTED FROM DRAWING ENTITLED,
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PLOT PLAN
BEAR CANYON MINE
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